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Abstract. The authors compared the effect of recom- 
binant human erythropoietin (rhEPO) in combination 
with iron with that of iron therapy only in the treatment 
of postpartum anaemia. Ninety patients (30 patients/ 
group) received either rhEPO (300 Ukg" 1 , i.v. or s.c, 
once) and iron (parenteral and oral), or iron therapy only. 
Erythropoiesis was assessed by haemoglobin and 
haematocrit increase, absolute reticulocyte counting 
and reticulocyte flow cytometry. Ferrokinetics was 
assessed by serum ferritin, transferrin and transferrin 
saturation measurements. There was no difference 
before therapy for baseline haematological values or 
iron status. Patients with endogenous EPO levels below 
145mUmL _1 had a significant benefit from intravenous 
rhEPO administration with highest haematocrit and 
haemoglobin levels 4 and 14 days after therapy. 
rhEPO-treated groups showed a higher absolute 
reticulocyte count 1 and 4 days after therapy and an 
elevated percentage of high fluorescent reticulocytes 
(HFRs). Parenteral iron therapy caused a significant 
increase of ferritin and transferrin saturation, while 
transferrin concentration decreased. Ferritin and trans- 
ferrin levels were lowest after i.v. administration of 
rhEPO, 1 and 4 days after therapy. C-reactive protein 
concentration was highest in patients who underwent 
caesarean section until the end of the observation 
period. A single dose of rhEPO in combination with 
iron was more effective in treating postpartum anaemia 
than iron therapy only, in patients who had low EPO 
levels despite peripartal blood loss. Postpartum low 
endogenous EPO levels might be a consequence of 
inhibiting inflammatory cytokines that are released 
after spontaneous or operative deliveries. 
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Introduction 

Safe and effective treatment of postpartum anaemia is a 
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frequent problem in obstetrics. Depending on the 
severity of blood loss anaemic patients may present 
an increased morbidity, including cardiovascular 
symptoms, dizziness, fatigue, infections and lactation 
problems [1-3]. 

Classic treatment of postpartum anaemia was iron 
therapy only and/or blood transfusion. Owing to its 
considerable risks blood transfusion should be 
restricted whenever possible in young and otherwise 
healthy patients [4,5]. The effect of oral iron might be 
reduced as a result of its limited resorption, gastro- 
intestinal side-effects when given in higher dosages 
and the dependence on the patient's compliance [6-9]. 
In addition, it is known that iron therapy has little 
effect on haemoglobin concentration in cases of 
disturbed cellular iron mobilization as seen within 
24 h after major and minor surgery and after inflam- 
matory states with elevated cytokine levels [10]. As 
erythropoiesis might be blunted shortly after operative 
or vaginal deliveries owing to inflammatory injuries 
[11,12], iron therapy alone may often fail to treat 
postpartum anaemia sufficiently. 

Recombinant human erythropoietin (rhEPO), which 
has been successfully used as substitution therapy in 
renal anaemia since 1986, is also effective in stimu- 
lating erythropoiesis after acute blood loss in patients 
without renal disease, e.g. during autologous blood 
donations or in perioperative settings [13-20]. rhEPO 
is also effective if erythropoiesis is blunted, as a 
result of inadequately low endogenous EPO levels, 
e.g. during chronic and acute inflammatory states 
[10,12,21]. 

It has been shown that oral iron does not prevent 
functional iron deficiency during rhEPO therapy. 
Adequate iron supply, which is achieved mainly by 
administration of parenteral iron, is a prerequesite for 
successful stimulation of erythropoiesis with rhEPO 
[22-24]. We have already reported on several studies 
using rhEPO in combination with oral iron for the 
treatment of postpartum anaemia [25,27,36]. 

In the following study we used rhEPO in combination 
with both, parenteral and oral iron supplementation, to 
compare its effectiveness in treating postpartum anaemia 
with that of iron therapy only. 
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Materials and methods 

Study protocol and patient selection 

This was a prospective, randomized and controlled study 
with 90 patients. All women gave informed consent, and 
the project was approved by the hospital ethics 
committee. Inclusion criteria were postpartum 
haemoglobin <10-0 gdL~ ! 48-72 h after delivery, 
normal cardiac and renal function, oral iron substitution 
during pregnancy. Exclusion criteria were pregnancy 
anaemia, peripartal infection (elevated C-reactive protein 
level or fever), peripartal blood transfusion, haemato- 
logical disease, e.g. thalassacmia, previous myelosup- 
pressive medication, history of thromboembolism, 
haemosiderosis, iron intolerance or rheumatoid 
polyarthritis. 

Patients were randomly assigned using sealed 
envelopes to one of three groups: 

Group I (control) (n = 30): saccharated iron (Ferrum 
Hausmann®, Vifor, St. Galien, Switzerland), lOOmg 
(5mL), once i.v. and oral iron sulphate, 160mg elemental 
iron day*" 1 + folic acid, 0-7 mg day- 1 for 6 weeks. 

Group II (n = 30): rhEPO (Eprex®, Cilag Schaff- 
hausen, Switzerland), 300 Ukg -1 b.w. (~2mL), once 
s.c. 4- saccharated iron, 100 mg (5 mL), once i.v., and oral 
iron sulphate, 160mg elemental iron day -1 + folic acid, 
0-7 mg day" 1 for 6 weeks. 

Group III (n = 30): rhEPO, 300 Ukg" 1 b.w. once i.v., 
+ saccharated iron, lOOmg (5mL), once i.v., and oral 
iron sulphate, 160 mg elemental iron day" 1 4- folic acid, 
0-7 mg day -1 for 6 weeks. 

Treatment was started 48-72 h after delivery. rhEPO 
and iron were injected through an intravenous catheter, 
first iron (5 mL) over 10 min, then rhEPO (~2 mL) as a 
bolus at room temperature. Between iron and rhEPO, 
saline solution (5mL) was injected to clean the tube. 
rhEPO was injected s.c. into the upper third of the thigh 
in group II. Blood samples (25 mL/sample) were taken 
before therapy and on days 1,4, 14 and 42 after start of 
the therapy. Vital signs were recorded daily until 
discharge. 



Laboratory evaluations 

Complete blood count and red cell indices were 
measured in blood collected in potassium EDTA (Tech- 
nicon HI® blood analyser system /Miles Diagnostic, 
Tarrytown, USA). The absolute reticulocyte count was 
determined by automated flow cytometry (Sysmex R 
2000®, TOA Medical Electronics, Watabe, Japan), 
simultaneously with the percentage of reticulocytes at 
different stages of maturity, namely high (HFR), middle 
(MFR) and low (LFR) fluorescent ratio reticulocytes 
according to their RNA content. HFR reticulocytes arc 
young and immature reticulocytes with a high RNA 
content that are prematurely released from the bone 
marrow following stimulus of erythropoiesis, e.g. after 
rhEPO administration, and that change to mature 
reticulocytes circulating in the blood [28-31]. 



Iron status 

Serum iron and transferrin concentrations were measured 
by standard autoanalyser techniques. Transferrin 
saturation was calculated using the formula: serum iron 
concentration x 100/ transferrin concentration x 1-7. 

Serum ferritin was measured by standard fluoro- 
immunometric assay. Because there was considerable 
variation in the initial individual values, the results were 
normalized and expressed as a percentage of the starting 
value for each patient. 

C-reactive protein concentration (CRP) was deter- 
mined by the high-performance liquid chromatography 
method. Serum EPO levels were determined by sandwich 
ELISA as described by Eckardt et al. [32]. 



Statistics 

Groups were compared by using a one way analysis of 
variance. Subsequent differences between groups were 
evaluated by using unpaired two-tailed f-tests, which 
were corrected for multiple comparisons by using the 
Bonferroni-Dunn method. Statistical significance was 



Table 1. Baseline data before treatment in postpartum patients who received iron (group I = control), rhEPO s.c/iron (group II) and rhEPO LvTiron 

(group III) 

Iron rhEPO s.c. rhEPO i.v. P (Normal range) 



Blood loss (mL) 


566 ± 55 


643 db 58 


657 ± 78 


NS 




SOT (h) 


53-6 ± 16-2 


56-5 ± 15 8 


53-1 ± 164 


NS 




EPO level (mUraL)" 1 


122 ± 20 


168 ± 25 


137 ±18 


NS 


(8-22 mUmL)-' 


Hb prepartum (gdL) -1 


1 1-8 db 0-2 


11-6 ±0«2 


11-8 ±0-2 


NS 


(10-5-12-OgUL)-' 


Hb postpartum (gdL) -1 


8-8 ± 0-2 


8-7 ± 0-2 


8-9 ± 0-3 


NS 




PCV prepartum (%) 


26-7 ± 0-7 


26 0 ±0-8 


26-9 ± 0-9 


NS 


(31-5-36-0%) 


PCV postpartum (%) 


35-6 ± 0-6 


34 9 ± 0-5 


35-2 ± 0-6 


NS 




Ferritin (/igL)" 1 


30 2 ± 171 


261 ± 19-7 


40-3 ± 24-5 


NS 


(12-136/igL)- 1 


Transferrin saturation (%) 


15 8 i 121 


171 ± 16 1 


16-5 ± 15-5 


NS 


(20-50%) 


CRP (mgL- 1 ) 


61-7 ±6*1 


69-9 ± 9-7 


77-3 ± 10-5 


NS 


(<10mgL)" 1 



SOT, start of treatment after delivery; EPO, EPO level before treatment; PCV, pecked 123-130 cell volume; CRP, C-reactive protein. 
Mean ± SEM. 
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Table 2. Baseline data of patients with low EPO levels and patients with high EPO levels before treatment 





Blood loss (mL) 


EPOCmUrnL- 1 ) 


Hb(gdL)" 1 


PCV(%) 


CRP (mgL)"' 


Ferritin (MgL)' 1 


EPO< MSmUmL- 1 


547 ± 46 


80 ±5 


8-8 ±01 


26-5 ± 0-4 


70 ±7 


35 ±3 


("-36) 


(200-1400) 


(30-131) 


(6-8-99) 


(20-32) 


(5-166) 


(2-80) 


EPO> MSmUmL-' 


802 ± 93 


241 ± 3* 


7-9 ± 0-2** 


23-8 db 0-6** 


72 * 10 


30 ±4 


(n = 54) 


(300-1800) 


(145-490) 


(55-9-3) 


(16-4-28) 


(8-156) 


(7-88) 



Values arc given as mean ± SEM and range *P < 0 05, **P < 0 01, *P 0 05 Mann-Whitney test. 



accepted at a P value less than 0-05. Data are presented as 
mean ± SEM. 

In an effort to determine whether any pretreatment 
characteristics of the patients were predictive of 
response to rhEPO therapy, a comparison of baseline 
characteristics of the responder population with patients 
who did not respond to rhEPO was performed. The 
Mann-Whitney test was used to compare patients with 
low endogenous EPO levels before treatment with 
those who had high EPO levels. 

RESULTS 

Patients ' characteristics 

Table 1 displays baseline values of erythropoiesis and 
iron status. No differences were observed concerning 
iron status, endogenous EPO levels or haemoglobin 
between the groups. All women had normal prepartum 
haemoglobin and haematocrit levels. Postpartum haemo- 
globin ranged from 8-4 gdL -1 to 8 7 gdL** 1 for an 
average estimated blood loss of 500-700 mL. Mean 
start of treatment was between 53-5 and 56-5 h after 
delivery. Owing to the acute blood loss, endogenous 
EPO levels were elevated before therapy (122- 
^SmUraL)" 1 . Serum ferritin levels were in the lower 
normal range (28-1-40-3 /igL)" 1 for all three groups. A 
total of 19 (17%) patients had proven iron deficiency 
(ferritin < 12 ^zgL)-' and 36 (40%) showed latent iron 
deficiency (transferrin saturation < 20%) before therapy. 
CRP concentration was elevated in all groups before 
therapy. 

Predictive factor for the response to rhEPO 

Comparing pretreatment characteristics of patients, it 
was found that low endogenous EPO levels were most 
predictive for a benefit of rhEPO treatment. The 
calculated mean cut-off value for this subgroup of 
patients was below 145 mUmL" 1 . 

Mean endogenous EPO levels were significantly lower 
in this group (80 0 vs. 2410mUmL- , ;/ J <0 01) before 
treatment, while there was no difference in pretreatment 
ferritin levels or CRP levels (Table 2). As shown in 
Table 2 mean haemoglobin and haematocrit values were 
lower in the 'high* EPO level group before therapy. 
However 14/36 patients in the * low' EPO level group 
had haemoglobin levels below S^dL" 1 . CRP 



concentration was elevated in both groups before 
therapy. Ferritin levels were within the normal range 
for both groups before therapy. The estimated average 
blood loss was higher in patients with high EPO levels. 

Comparing the mode of delivery in the two subgroups 
it was found, that the Mow* EPO level group had a higher 
percentage of operative deliveries (63*3% vs. 54-1%; 
/><005). 



Erythropoietic response 

Regarding therapy response of all patients, group 
III (rhEPO i.v.) showed higher haemoglobin and 
haematocrit levels 14 days after therapy (Fig. 1A & B). 
No difference was detected between group II (rhEPO 
s.c.) and controls. If patients were selected according to 
their pretreatment EPO levels it was seen that patients 
with endogenous levels below MSmUmL- 1 (n — 36) 
had a significant benefit from i.v. rhEPO administration 
with significantly higher haematocrit and haemoglobin 
levels 4 and 14 days after therapy compared with controls 
and group II. In group III mean haemoglobin concentra- 
tion 4 days after therapy was 10*3 (± 0-2) gdL -1 vs. 9*1 
(±0-2) gdL -1 in the control group. In group III 8/11 
patients had haemoglobin levels over 10 0 gdL** 1 4 days 
after therapy compared to 3/13 patients in the only iron- 
treated group. Fourteen days after therapy mean haemo- 
globin values were 12-0 (±0-3) gdL" 1 vs. 11-0 (±0-1) 
gdL -1 in the control group. 

Highest absolute reticulocyte counts were seen 4 days 
after therapy (Fig. 1C), with the highest increase being 
found in group II. Group III had significantly higher 
reticulocyte counts compared with controls on day 1. 

The high fluorescent reticulocyte count (HFR) 
increased until day 4 (Fig. ID). In the groups receiving 
rhEPO, HFR count was significantly higher compared 
with controls on days 1 and 4 after therapy, indicating 
higher bone marrow activity in these groups. In 
accordance with the decrease of the total reticulocyte 
count the HFR count decreased in all groups, indicating 
the maturation of young reticulocytes into mature cells 
and normal bone marrow proliferation. 

Iron metabolism 

The day after parenteral iron therapy, there was a 
significant increase in ferritin levels (Fig. 2A). This 
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Figure 1. Erythropoietic activity in postpartum patients who received iron (control), rhEPO s.c. and iron (group II) and rhEPO i.v. 
and iron (group III), expressed as a haemoglobin concentration (A), packed cell volume (B), absolute reticulocyte count (C) and high 
fluorescent reticulocyte count (D). (A and D). Further subgroups of patients with low EPO levels (< 145mUmL- 1 ) before 
treatment. Values are expressed as means ± SEM. **P'< 0 01 vs. control, *P < 005 vs. control; + /> < 0 05 vs. group II. 
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increase was significantly lower in group III compared 
with group II and controls. Thereafter groups II and III 
showed a continuous fall in ferritin levels, whereas group 
I showed a plateau phase until day 4 . All three groups 
had lower ferritin levels 6 weeks after treatment 
compared with pretreatment values. 

Transferrin saturation increased rapidly as a result of 
the increasing serum iron levels and was lowest in group 
III on day 1. Owing to increased iron mobilization and 
decreasing serum iron levels, the transferrin saturation 
fell until day 4 and normalized thereafter (Fig. 2B). After 
treatment with rhEPO i.v., group III snowed a rapid 
decrease in transferrin levels with significantly lower 
levels on days 1 and 4 after therapy compared with the 
control group and group II (Fig. 2C). In the control group 
transferrin levels showed a plateau phase until day 1. 
Group III had significantly higher transferrin saturation 6 
weeks after therapy compared with the control group. 
Transferrin levels were within the normal range for all 
groups at the end of the observation period. 

C-reactive protein concentration (CRP) 

CRP concentration was elevated during the first week in 
all groups and was still slightly elevated 14 days after 
therapy (Fig. 3 A). No significant difference in CRP 
concentration between groups was detected. 

There was a remarkable difference in the course of 
CRP concentration comparing patients who had 
spontaneous or vaginal operative deliveries and patients 
who underwent caesarean section (Fig. 3B). Before 
therapy, these patients had significantly higher CRP 
concentrations with peak values of 120 (± 10) mgL" 1 
compared with 58 (± 9) mg L" 1 for vaginal operative and 
55 (±6) for spontaneous deliveries 48-72 h after 
delivery and until the end of the observation period. 
CRP concentration in patients who underwent vaginal 
operative procedures had slightly higher CRP levels than 
patients with spontaneous deliveries, but no significant 
difference was detected. 

Platelet count 

All groups had normal platelet counts before therapy. 
The platelet count increased until day 14 in all groups 
and was highest in the rhEPO-treated groups but within 
the normal range and not significantly different from the 
control group. 

. Clinical evaluation 

No blood pressure increases or thromboembolic com- 
plications were observed. No anaphylactic reaction to 
saccharatcd iron was seen. Two patients mentioned a 
'warm' sensation during injection of iron that dis- 
appeared quickly and spontaneously after a few 
minutes. Twenty-seven patients felt a 'metallic' taste 
during injection that vanished after some minutes. Ten 
patients complained of a burning sensation during 
rhEPO injection in the thigh at room temperature. 



Overall, the therapy was well tolerated, as estimated 
clinically and by the patient's opinion. After study 
admittance, none of the patients needed blood 
transfusion in addition to iron or iron and rhEPO 
treatment. 

Discussion 

This study investigated the effectiveness of rhEPO in 
stimulating erythropoicsis in anaemic patients. As seen 
by the release of mature and immature reticulocytes, it 
was shown that a single dose of rhEPO and parenteral 
iron stimulates erythropoiesis, even if pre-existing EPO 
levels are high after acute peripartal haemorrhage. A 
similar effect of exogenous rhEPO has been described in 
autologous blood donation programmes, in perisurgical 
settings and for Jehovah's Witnesses refusing blood 
transfusion. [13,15,17,18-20]. Concerning haemoglobin 
and haematocrit increase for all treated patients, 
difference between rhEPO-treated patients and only 
iron-treated patients was small or even non-existent, if 
rhEPO was administered subcutaneously. 

Searching for pretreatment criteria that would indicate 
which patients would benefit from rhEPO administration, 
we found that in the group of patients who had endo- 
genous EPO levels below USmUmL -1 , there was a 
significant difference in haemoglobin and haematocrit 
increase between rhEPO i.v. and only iron- treated 
patients. In this subgroup most patients had haemoglobin 
levels over 10 0 gdL** 1 after 4 days with an average 
increase of 1-3 gdL" 1 , which corresponds to approxi- 
mately 1-2 blood units. Our result is consistent with the 
finding that patients with EPO levels that are considered 
low for the rate of anaemia benefit from exogenous EPO 
administration [26,34,39]. One known factor for an 
impaired EPO production despite hypoxic stimulus is 
an inflammatory state causing a release of cytokines, 
which inhibit erythropoietin production and erythro- 
poietin action on the bone marrow [10,21,26,35]. 

Since delivery causes a physiological inflammatory 
reaction, which is indicated by elevated CRP levels 
[11,12], and which is aggravated by surgical inter- 
ventions, many of these patients may present elevated 
levels of inflammatory cytokines such as interleukin 1 
(IL-1) and tumour necrosis factor alpha, which supress 
erythropoiesis and inhibit EPO production. 
As seen in our patients after caesarean sections, CRP 
levels are considerably higher compared with vaginal 
deliveries and it is likely that these patients present 
excessive levels of inhibitory cytokines. Because these 
patients might have blunted EPO production rather than a 
lack of iron, iron alone will not stimulate erythropoiesis 
sufficiently. 

In addition, since the release of reticuloendothelial 
iron is impaired during inflammatory states, exogenous 
iron is needed [10,37]. 

For haematocrit levels below 30%, the rate of red 
blood cell production depends on several sources of iron 
[38]. By administering intravenous iron, high iron 
plasma levels are reached and enough iron is supplied 
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Figure 2. Iron metabolism in postpartum patients who received iron 
(control), rhEPO s.c. and iron (group II) and rhEPO i.v. und iron (group 
II IX measured by scrum ferritin (A) transferrin saturation (B) and 
transferrin concentration (C). Values arc expressed as means ± SEM. 
*P < 0 05 vs. control; + P < 0 05 vs. group II. O, Iron; EPO s.c; A, 
EPO i.v. 



for enhanced erythropoiesis after rhEPO administration 
[9,39-42]. During increased erythropoiesis this iron is 
rapidly cleared within 10-40 min, with a red blood cell 
uptake of 80-90% [41-45]. 

In our study, group III (rhEPO i.v.) showed the highest 
haemoglobin increase during the first 2 weeks. Surpris- 
ingly, despite the same increase of HFR and absolute 
reticulocyte counts we did not see the same rate of 
haemoglobin and haematocrit increase for group II 
(rhEPO s.c). A possible reason for this observation 



E3 epo 8.c. 
EPO i.v. 




1 4 

Time (days) 



Caesarean 
■ Vaginal operative 
0 Spontaneous 




1 4 14 

Time (days) 

Figure 3. (A) C-rcactivc protein concentration in postpartum patients 
who received iron (control), rhEPO s.c. and iron (group IT) and rhEPO 
i.v. and iron (group III). (B) The course of CRP concentration depend- 
ing on the mode of delivery. Values arc expressed as means ± SEM. 
**P < 0 01, *P < 0 05 vs. spontaneous delivery; ++ P < 0 0 1; + 
P < 0 05 vs. vaginal operative delivery. 

might be different pharmacokinetics and bioavailability 
of i.v.- or s.c.-administered rhEPO. After i.v. adminis- 
tration, high erythropopietin levels are reached with a 
short half-life of about 6h, while levels after s.c. 
administration show significantly lower peak values 
and a half-life of 12 h [46,47]. Bioavailability of i.v. 
rhEPO is considerably higher than that of s.c.-adminis- 
tered rhEPO and, although s.c. administration is 
preferred in the treatment of renal anaemia it is still 
questionable which is the better route of administration 
for a stimulation therapy with rhEPO. 

While the s.c. route is preferred during substitution 
therapies with rhEPO, e.g. in renal anaemia, the i.v. route 
might be preferable for stimulation therapy where high 
peak EPO levels are needed to produce an additional 
stimulation of the bone marrow. Patient response to 
rhEPO stimulus shows a high individual variability and 
it is still not known whether the s.c. route is really more 
effective in stimulating erythropoiesis than the i.v. route 
[48-50]. 

The results of absolute reticulocyte count and HFR 
ratio indicate that both regimens stimulate erythropoiesis 
more than iron therapy alone. 
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HFR reticulocytes are the first young and immature 
reticulocytes to be released from the bone marrow after 
administration of rhEPO [28]. The increase of the HFR 
ratio in groups II and III reflects the additional and 
persistent effect of rhEPO in stimulating erythropoiesis. 
Hillman et al. [38] showed that the absolute reticulocyte 
count does not increase until 3-5 days and that a frill 
level of marrow production as estimated from the 
absolute reticulocyte count occurs only after 8-10 
days, at which time erythroid hyperplasia of the 
marrow and absolute reticulocyte count are increased 
to the same extent. By performing the reticulocyte count 
on days 4 and 14 we were able to detect the early release 
of immature reticulocytes but might have missed a 
difference in the absolute reticulocyte count between 
groups II and III around day 8. 

Another reason for the major haemoglobin increase in 
group III could be a consequence of different fcrro- 
kinetics in this group. We could show, that under 
dynamic conditions, ferritin levels do not reflect iron 
stores but might well reflect the rate of synthesis in the 
reticuloendothelial system with its rapid changes under 
rhEPO therapy [28]. Lower increase of ferritin levels and 
the steep decrease of transferrin levels until day 4 might 
reflect the dynamic changes in the transferrin-iron pool, 
which are most pronounced in group III. Administration 
of parenteral iron causes an increase of ferritin levels and 
transferrin saturation within 24 h, thereafter ferritin 
levels usually remain elevated until 4 to 6 weeks 
[41,43,44,51]. 

As the release of iron from transferrin to the bone 
marrow is proportionate to transferrin saturation [33,43], 
the decrease of transferrin in group III might again reflect 
higher iron mobilization in this group. 

A single dose of lOOmg of parenteral iron, which was 
administered to prevent functional iron deficiency, is not 
sufficient to prevent iron depletion during the recovery 
period from anaemia. Therefore additional oral iron 
supplementation was administered until the end of the 
observation period. Despite oral iron supplementation 
even control patients had significantly lower iron stores 
at day 42 - in fact, even lower than the rhEPO groups. 

This shows that a single administration of rhEPO in 
combination with parenteral iron did not cause severe 
iron depletion, mean ferritin levels 6 weeks after the 
treatment were still in the lower normal range. 

In conclusion, we were able to show that anaemic 
patients with low endogenous EPO levels after a post- 
partal haemorrhage benefit from a single administration 
of i.v. rhEPO. These patients might have blunted 
erythropoietin production owing to elevated inflamma- 
tory cytokines after delivery with or without surgical 
interventions. In our study, patients with low endogenous 
EPO levels had a significantly higher percentage of 
operative deliveries. Although having iron stores in the 
lower normal range, if they were treated with iron only, 
they showed a delayed increase of haemoglobin and 
haematocrit levels, possibly due to a lack of EPO and a 
block of iron transfer to the bone marrow. 

By administering therapeutic amounts of rhEPO, 



erythropoiesis can be accelerated and in combination 
with parenteral iron, exogenous iron will be provided for 
a successful stimulation. In our study only i.v, adminis- 
tration of rhEPO had a significant effect in these patients. 
This might be due to higher EPO levels, the first day after 
administration and different ferrokinetics compared with 
the s.c. administration. However, results might be 
different for repeated administrations or higher dosages 
of i.v. or s.c. rhEPO. 

There is a need for alternatives to blood transfusion in 
otherwise healthy patients [52]. More and more patients 
are refusing blood transfusion. Autologous blood 
donation is safe, but expensive and cannot be performed 
in all clinics. Also it is mostly limited to elective 
procedures, as in orthopaedic surgery, but not applicable 
for obstetrical patients, where amount and time of blood 
loss is not predictable. In addition, autologous blood 
donation might also be critical for fetal outcome. If 
haemoglobin increase is delayed despite iron treatment, 
blunted EPO production might be the underlying cause 
and the use of rhEPO could be taken into consideration, 
depending on the severity of anaemia. As iron stores are 
low or empty at the end of pregnancy, sufficient iron 
supply is mandatory. If rhEPO is used, parenteral iron 
administration is recommended to prevent functional 
iron deficiency during enhanced erythropoiesis. 
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